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ABSTRACT:

The complex communication network that exists between the gastrointestinal tract and the central nervous
system, known as the gut microbiome-brain axis, has a major impact on behaviour and brain function.
Beneficial living microorganisms known as probiotics have shown promise in modulating this axis and
providing possible therapeutic advantages for mental health. This review explores our present understanding
of the processes by which probiotics affect the gut-brain axis, with particular attention to immunological
regulation, neurotransmitter synthesis, and gut barrier integrity enhancement. According to clinical research,
some probiotic strains can lessen the signs and symptoms of mental illnesses like stress, anxiety, and
depression. This study objectively assesses the data pertaining to probiotics effectiveness in various
situations, stressing both their possible advantages and disadvantages, including strain-specific side effects,
the need for proper dosage, and long-term safety. By synthesizing insights from microbiology, neuroscience,
and clinical research, this review aims to provide a comprehensive overview of probiotics as an innovative,
adjunctive strategy for improving brain health. It seeks to pave the way for future investigations and the
development of targeted probiotic therapies in the field of neuropsychiatry.

Key Words: Gut- Microbiome, Probiotics, Brain - Axis, Neuro - immune pathways, Neural- communication
pathways.

INTRODUCTION:

Trillions of bacteria reside in the human gut and are essential to the physiology and health of the host.
Dysbiosis, or disruptions in the balance of microbial composition, has been associated with an array of
illnesses . The gut-microbiota-brain axis's essential features include its bidirectionality, which allows
signals to flow from the brain to the gut and vice versa 2. The gut microbiota's contribution to
neurodegenerative illnesses is becoming more widely recognized I, Probiotics are described as live bacteria
that, when taken in sufficient quantities, improve host health, according to the World Health Organization (WHO) 1.
The use of probiotics leads to the preservation of the gut barrier, the restoration of GM, modifications in metabolites
originating from the microbiota, a decrease in inflammation, and the function of the hypothalamus pituitary adrenal
(HPA) axis 1. The intriguing prospect of working on and influencing the microbiota-gut-brain axis in order
to treat a variety of difficult central nervous system disorders . The aim of this article is to provide a brief
summary of the beneficial effects of probiotics for mental health.
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GUT- BRAIN AXIS:

The "gut-microbiota-brain axis" is a network of interactions influencing several biological systems that
allows gut bacteria and the brain to communicate in both directions. It is crucial for maintaining the immune
system's, endocrine system's, central, autonomic, and gastrointestinal system and enteric nerve systems ["1,
The sympathetic and parasympathetic branches of the autonomic nervous system, the enteric nervous system (ENS),
the neuroendocrine and neuroimmune pathways, and the central nervous system are all associated with communication
with the gut microbes ®l. These biological networks contain neural pathways, the immune system, and
chemical transmitters as direct and indirect means of communication 1. The hypothalamic-pituitary-adrenal
axis and the autonomic nerve system, specifically norepinephrine, are two ways in which the brain regulates
gut function . On the other hand, the gut regulates central nervous system (CNS) functioning by means of
a range of metabolites and products formed from the microbiota, neuroactive agents, and gut hormones that
pass via the vagus nerve, circulatory system, immune system, or enteric nervous system before arriving at
the brain. The microbiome-gut-brain axis (MGBA) is the term for these pathways M. Local
neurotransmitters like histamine and physiologically active catecholamines are produced by modulating
afferent sensory neurons. The gut-brain axis may be impacted by the gut microbiota's influence on nutrition
availability, which could change the way peptides are released from enteroendocrine cells. Dysbiosis of the
gut microbiota can cause inflammation and the release of cytokines that can affect the gut-brain axis.
Bacterial metabolites can pass the blood-brain barrier, impact the humoral system, and control microglia to
promote cognitive development 121,
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MICOBIAL-DERIVED METABOLITES AND PRODUCTS:

Through both "direct” and "indirect™ chemical signaling with the neurological system, the gut bacteria can
assist in modulating homeostasis [**l. Direct signaling: endogenous tryptophan and short-chain fatty acids
(SCFAs) are two of the best-characterized metabolites 1. Short-chain fatty acids bind to receptors that are
connected to G proteins %1, The primary components of short-chain fatty acids (SCFAs), which are lipids
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made by gut microbes through the fermentation of carbohydrates, are butyrate, propionate, and acetate. By
controlling immunological function, epigenetic and gene expression, and neuroplasticity, SCFA can have an
impact on the central nervous system 1261, By maintaining brain integrity, SCFA affects learning and memory
acquisition and supports mucosal serotonin release, glucose balance, lymphocyte function, and learning 241,
It is unknown if SCFAs from the gut can penetrate the blood-brain barrier (BBB) and affect brain function
directly 1. Mechanistically, research has documented connections between SCFAs and G-protein-coupled
receptors (GPR) for a range of diverse roles, including GPR41 in enteric neurons and GPR43 in adipose
tissues 128, It has been proposed that acetate, a crucial SCFA generated by gut bacteria, controls appetite and
crosses the blood-brain barrier to accumulate in the hypothalamus 7). Butyrate reduces depressive-like
behaviour and promotes repetitive behaviour, while propionate hinders social behaviour and alters histone
acetylation and brain-derived neurotrophic factor (BDNF) expression [ °. The conversion of dietary
tryptophan to indole compounds through microbial metabolism also reveals that bacteria, especially some
species of the Lactobacillus genus, are important for activating the aryl hydrocarbon receptor, which in turn
regulates the cell cycle and promotes T-cell development 2%, It is crucial for encephalitogenic T cell
responses, which trigger CNS autoimmunity 21,

NEURAL COMMUNICATION PATHWAY:

The brain and the intestines are physically connected by neural connections. The vagus nerve, which
originates in the brainstem and innervates the gut and enteric nervous system, is the most prominent neural
pathway among them 22, The tenth cranial nerve, the vagus nerve, controls Gl secretion, peristalsis, and
satiation by extending from the brain into the gut's muscular and mucosal layers. The principal afferent
pathway that communicates information about immunity, microorganisms and nutrients from the gut to the
central nervous system is the vagus nerve, which consists primarily of sensory fibres. In contrast, the
activation of vagal efferent fibers by the central nervous system (CNS) decreases the release of pro-
inflammatory cytokines and initiates a systemic anti-inflammatory response. These multiple functions point
to crucial brain-gut microbiota contact in both directions 2. Via neuroimmune and neuroendocrine
pathways, the microbiota may activate vagus nerve afferent sensory neurons to transmit messages to the
brain 241, The vagus nerve, as well as the central spinal and sacral afferent terminals, provide input to the gut
251 The gastrointestinal tract's muscle and mucosa layers are innervated by vagus nerve fibers, which also
detect and send sensory signals to the central nervous system 281, Signals from the peripheral ends of the
vagus nerve are transmitted to the central nervous system (CNS) by means of either mechanoreceptors that
detect luminal volume or chemoreceptors that are activated by chemical stimuli, including hormones,
neurotransmitters, and metabolites generated by endothelial cells (EECs) . It is evident that the gut
microbiota makes use of both vagus-dependent and vagus-independent signaling pathways. The intriguing

function of the vagus nerve as a pathway for neurological pathogenesis and gut microbiota-brain connection
[2
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IMMUNE SIGNALLING:

The gut microbiota has a major role in regulating the growth and function of the peripheral immune system. The gut
microbiota and central nervous system possess an impact on the immune system both directly and indirectly 1.
Through the systemic immune system, the gut microbiota and the brain also communicate through circulating
cytokines, including interleukin 6 and tumour necrosis factor-a (TNF-a) 2°!. Either brain-resident immune
cells can create cytokines and chemokines, or they can penetrate the blood-brain barrier directly to enter the
central nervous system %, Numerous neuropsychiatric disorders, such as depression, anxiety, and ASD, are
associated with elevated peripheral inflammation and altered immunological signaling in the brain due to
changes in systemic immunity B, The gut microbiome demonstrates the possible influence of relationships
between outcomes in the brain and systemic immunity 521,

MECHANISM OF ACTION OF PROBIOTICS IN BRAIN:

B cells produce IgA, which is a potential way that probiotics may enhance the gut immune function.
Probiotics such as Lactobacillus casei, acidophilus, rhamnosus, plantarum and lactis, and Streptococcus
thermophilus have been demonstrated to increase the number of intestinal IgA-producing cells in a dose-
dependent manner. Probiotics can stimulate clonal growth of B cells driven to release IgAs while not
impacting the CD4+ T cell population B3, Probiotics use a combination of specialized adhesion molecules
found in their bacterial wall components and non-specific physical binding, like hydrophobic contacts.
Mucus-binding proteins (Mub) and mucin-binding proteins (MucBP) are surface-adhesive proteins with
mucin-binding domains. Fimbriae or pili, including Type IV pili and/or minor fiber components known as
Sortase-mediated pilus assembly (Spa)-A,-Band-C, are thin proteinaceous extensions from bacterial cells
and fibronectin is also present. Probiotics can aid in the colonization of commensal microbes B4, As a result,
modifying the activity and/or composition of the intestinal immune cells and microbial population can
provide the beneficial effect of probiotics on immunological activities 5. The molecular mechanisms and
components that mediate probiotic-immune cell interactions have been partially discovered. Probiotic
proteins and molecules on the cell's surface and envelope have been found to play key roles in action [,
Probiotics may increase the expression of TLR-2 and mannose CD206 receptors on DCs and macrophages,
stimulating the adaptive immune response 7. Several studies have identified bacterial proteins and non-
proteinaceous compounds, such as teichoic acids (TA), lipoteichoic acids (LTA), exopolysaccharides (EPS),
and peptidoglycan (PG), as molecular effectors that play a role in immune modulatory pathways [,
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Probiotics function as well as antimicrobial agents by creating short chain fatty acids (SCFA), organic acids,
hydrogen peroxide, and bacteriocins, which reduce pathogenic microorganisms in the gut. Furthermore,
probiotics improve intestinal barrier function by promoting mucin protein production, controlling the
expression of tight junction proteins such as occluding and claudin 1, and modulating the gut immune
response. Probiotics also stimulate the generation of anti-inflammatory cytokines, interact with intestinal
epithelial cells, and attract macrophages and mononuclear cells 2. Probiotics can use the gut-brain axis to
produce neurotransmitters in the stomach. Certain probiotic stains can regulate serotonin, gamma-amino
butyric acid (GABA), and dopamine levels, impacting mood, behaviour, gastrointestinal motility, and stress-
related pathways 1%,

SELECTION OF PROBIOTIC STRAINS FOR BRAIN HEALTH BENEFITS:

The gut microbiota is made up of a variety of bacterial species that coexist harmoniously with their human
hosts in the gastrointestinal tract (Y1, Different probiotics, such as Lactobacillus plantarum, Bifidobacterium,
Pseudocatenulatum, E. coli, and other combinations, can work as antioxidants, anti-inflammatory, or anti-
pro-inflammatory cytokines, releasing cytokines that lower the likelihood of ND in patients (21 Probiotic
bacteria that can produce acetylcholine, such as Lactobacillus plantarum, may be able to prevent memory
loss brought on by D-galactose ingestion. According to Mehrabadi and Sadr (2020), probiotic strains L.
reuteri, L. rhamnosus, and B. infantis (1010 CFU/day) can be used to reduce inflammation and oxidative
stress in rat models of AD for a period of 10 weeks. In a 2017 study, Nimgampalle and Kuna assessed the
anti-Alzheimer characteristics of L. plantarum MTCC1325 in AD rat models and documented its benefits
against D-galactose-induced AD 3l Bifidobacterium breve (B. breve) strain Al administration improved
hippocampal learning and memory in Parkinson's disease-modelling rats. Postsynaptic density protein-95
(PSD95) is a synaptic protein involved in synaptic development and stability. B. breve Al supplementation
restored the transcriptional-level expression of these two proteins (Ishii et al., 2021). It's possible that adding
a probiotic cocktail that includes Bifidum, B. longum, L. rhamnosus, L. rhamnosus GG, L. plantarum LP28,
and Lactococcus lactis subsp. lactis to mouse models of Parkinson's disease has enhanced motor neuron
function B4,

EFFECTS OF PROBIOTICS FOR COGNITIVE FUNCTION:

Probiotics are good bacteria that alter the makeup and function of the gut microbiota (improving nutrition
absorption and digestion), and they may also control the immune system and host epithelial responses. They
are crucial in preserving immunological homeostasis 31, Elderly people frequently experience cognitive
impairment, which is linked to aging and dementias like Alzheimer's disease (AD).Dementia is a chronic or
progressive syndrome; disease progression is too advanced when dementia becomes clinically obvious and
thus, treatment is difficult. Therefore, it is becoming more important to prevent the onset of the disease before
the diagnosis through improvement in lifestyle or diet. Recent research has demonstrated that certain
probiotics affect behaviour and the central nervous system (CNS) through the microbiota-gut-brain axis.
Models has demonstrated that certain probiotics possess the ability to modulate the hypothalamic-pituitary-
adrenal (HPA) axis. Additionally, administering probiotic supplements to mice induced by stress has been
proven to reduce anxiety-like behaviour. Additionally, Akbari et al. found that probiotic-supplemented milk
may have an impact on patients' metabolic and cognitive status in AD patients. Thus, a developing field of
research into successful therapeutic treatments for AD and general dementia involves modulating the gut
flora using probiotics or other dietary interventions [“6l. Probiotics have anti-inflammatory properties, and
neuronal function in the brain and cognitive processes can be affected by inflammatory reactions. It is
important to remember that some vitamins and minerals, which are essential for the brain and cognitive
processes, are also produced by gut microbes. Probiotics may be able to mitigate and decelerate the aging-
related deterioration in cognitive function #71,

EFFECTS OF PROBIOTICS IN NEURODEGENERATION:

A normal physiological decline that comes with aging is the driving force behind both oxidative damage and
inflammation, two primary systemic diseases that exacerbate neurodegeneration. The mitochondria are the
primary site of the generation of reactive oxidative species (ROS), where 0.4-4% of electrons passing
through the electron transport chain (ETC) escape and combine with an oxygen molecule to produce a
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superoxide radical. Because neurons have high energy requirements and are nearly exclusively post-mitotic
cells, their membranes rich in polyunsaturated fatty acids make them more vulnerable to ROS-induced
peroxidative damage, which makes the brain particularly vulnerable to oxidative damage ™8, Inflamm-aging’
is a term used to describe a chronic, low-grade systemic pro inflammatory state that is characterized by higher
cytokines and inflammatory mediators without a precipitating cause. It is a vicious loop created by the
pathophysiology of oxidative damage and inflammation “°1. Probiotics may help Parkinson's disease (PD) if
they encourage the gut bacteria to produce antioxidant compounds like vitamins. Lactobacilli and
Bifidobacterium are probiotic strains that have the ability to produce natural antioxidants, vitamins, and
bioactive compounds. This means that they may be able to reduce the number of free radicals in the body
and provide benefits for conditions like Parkinson's disease (PD) that are linked to oxidative stress. Due to
increasing insults such as oxidative stress, chronic inflammation, reduced neurotransmitter levels, and
apoptosis, it is well known that age is a main risk factor for neurodegenerative disorders. Patients suffering
from Parkinson's and Alzheimer's diseases also frequently have gastrointestinal comorbidities Probiotics'
ability to reduce inflammation, produce short-chain fatty acids, and stimulate the release of different
neurotransmitters are some of their benefits in treating neurological illnesses %,

FUTURE DIRECTIONS:

Probiotics’ potential as therapeutic agents for mental health issues, their ability to improve cognitive function,
and our growing understanding of their involvement in the gut-brain axis are the main directions for their
future developments in brain health.

1. Effects of Personalized Psychobiotics: Research in the future is probably going to concentrate on
determining which probiotic strains are most beneficial for various illnesses related to brain health.
Since different strains of probiotics work better for different problems, such as anxiety, depression,
or cognitive loss, it's important to know which ones to use. Psychobiotics treatments are specific to
each patient's microbiome profile.

2. Targeting Neuroinflammation and Neurodegeneration:

A) Neuroprotective Effects: Since neuro inflammation is linked to neurodegenerative illnesses like
Parkinson's and Alzheimer's, probiotics may be investigated for their ability to lower it.
Subsequent research endeavours will examine their capacity to augment brain-derived
neurotrophic factor (BDNF) and additional neuroprotective drugs.

B) Treatments for Neurodegenerative Ilinesses: Probiotics may be able to postpone the onset or
reduce the rate at which neurodegenerative illnesses advance. The ways in which probiotics affect
neurodegeneration and how to incorporate them into treatment plans will be the main areas of
research.

3. Enhancing Cognitive Function:

A) Cognitive Enhancement: The possibility that probiotics can improve memory, learning, and
executive function is a topic of increasing attention. Clinical trials examining these benefits in
healthy individuals as well as those with mild cognitive impairment or dementia may be the
direction of future directions.

B) Gut-Brain Modulation for Cognitive Health: By comprehending how probiotics affect the
connection between the gut and the brain, new treatments to improve cognitive function and
stave off cognitive decline can be developed.

4. Mental Health Applications:
Adjunct therapy for mood disorders: Conditions linked to stress, anxiety, and depression may benefit

from the use of probiotics as an additional treatment. Large-scale clinical trials will probably be
conducted in the future to confirm their effectiveness and identify the best strains and dosages.

5. Development of Novel Psychobiotics
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A) Finding New Probiotic Strains: Investigations into new bacterial strains that exhibit psychotropic
properties will persist, with the goal of creating new psychobiotics that concentrate on the health
of the brain.

B) Combination Therapies: By combining probiotics with other therapeutic drugs, nutritional
supplements, or prebiotics, their effects on brain health may be amplified, providing a more all-
encompassing course of treatment.

CONCLUSION:

In summary, probiotics have great therapeutic promise for improving brain health by modifying
the gut microbiome-brain axis. Research indicates that some probiotic strains may have a
beneficial effect on neurochemical pathways, lessen neuroinflammation, and enhance emotional
and cognitive functioning. Current research emphasizes the need for more studies to confirm these
advantages and establish efficacious probiotic treatments, even though clinical applications are
still in the early stages of development. A better comprehension of the link between the microbiota
and the brain may result in the development of novel microbiota-based therapeutics that offer
cutting-edge approaches to the management and prevention of neurological and psychiatric
ilInesses.
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